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SUMMARY 

Two experiments were conducted i n  which subjects i n  a s imulated  l iving-room 
environment  judged  the  annoyance of nine  primary  and t w o  r e fe rence   s e s s ions   o f  air- 
p l ane   no i se  wh ich   con ta ined   d i f f e ren t   no i se   l eve l s   and  numbers of f lyove r s .   Fo r   t he  
p r i m a r y   s e s s i o n s   i n   t h e  f irst  experiment,  1 ,  2, or 4 high-noise- leve l   f lyovers  
occurred  a t  the   beginning ,  middle, o r  end  of  30-minute tes t  s e s s i o n s   c o n t a i n i n g  a 
t o t a l  of 8 f lyove r s .  The r e fe rence   s e s s ions   a l so   con ta ined  8 f l y o v e r s ,   b u t  a l l  
f l y o v e r s   i n  a s e s s i o n  were e i t h e r  a t  t h e   h i g h   o r  low n o i s e   l e v e l .  For the   p r imary  
se s s ions   i n   t he   s econd   expe r imen t ,  1 ,  4, o r   1 6   f l y o v e r   n o i s e s ,  a l l  a t  f i x e d   n o i s e  
l e v e l s ,   o c c u r r e d   i n  15-,  30-, o r  60-minute test  s e s s i o n s .  The r e f e r e n c e   s e s s i o n s   f o r  
t h i s   e x p e r i m e n t  were each  of   15  minutes   durat ion  and  contained 8 f l y o v e r s ,   w i t h  a l l  
f l y o v e r s   i n   e a c h   s e s s i o n  a t  e i t h e r  a h i g h e r   o r  lower n o i s e   l e v e l   t h a n   f o r   t h e   p r i m a r y  
se s s ions .   Resu l t s   i nd ica t ed   t ha t   annoyance   r e sponse  w a s  not  dependent  on when i n   t h e  
sessions  high-noise- level   f lyover   occurred,   but   annoyance  response  increased  with  the 
number  of high-noise-level  f lyovers.   Thus,   neither  an  "annoyance  decay  model"  nor 
t h e  " d B ( A )  peak   concept"   could   be   suppor ted .   Resul t s   a l so   ind ica ted   tha t   annoyance  
w a s  p r o p o r t i o n a l  t o  t h e  ra te  o f   f l yove r s ,   i n   t ha t   annoyance   dec reased   w i th   s e s s ion  
d u r a t i o n   b u t   i n c r e a s e d   w i t h   t h e   t o t a l  number o f   f l yove r s .  Thus an  "average  energy 
model" r a t h e r   t h a n  a " t o t a l   e n e r g y   m o d e l , "   o r   t h e  dB(A)  peak  concept,  could be sup- 
po r t ed .  The number e f f e c t ,  however, w a s  somewhat g r e a t e r   t h a n   t h e  3 dB pe r   doub l ing  
of  number t rade-of f   p red ic ted  by an  average  energy model. 

INTRODUCTION 

Community annoyance  due t o  a i rcraf t  f lyover   no ise   exposure  i s  genera l ly   cons id-  
e red   t o   depend  on t h e  number of f l i g h t   o p e r a t i o n s   i n   t h e  community as w e l l  as t h e  
no i se   l eve l s   o f   t he   ope ra t ions .  Althou,gh  numerous soc ia l   su rvey   s tud ie s   have   been  
conduc ted   t o   de t e rmine   t he   r e l a t ionsh ips  of annoyance  and  noise  exposure,   the rela- 
t i o n s h i p  of  annoyance t o   t h e  number of events   has   remained   re la t ive ly   unreso lved .  

A number of d i f f e r e n t  models of  annoyance to  mult iple   events   have  been  proposed.  
The U.S. Environmental   Protect ion Agency ( r e f .  1 )  s u g g e s t e d   t h a t   a n   " e q u i v a l e n t  
energy" method  be  used t o   a c c o u n t   f o r   n o i s e   l e v e l   a n d  number. ( A  doub l ing   o f   t he  
number  of events   equa ted  t o  a 3-dB i n c r e a s e   i n   l e v e l . )  The "dB(A)  peak  concept" 
f i r s t  proposed i n   r e f e r e n c e  2 sugges ted   tha t   annoyance  is  p r o p o r t i o n a l   t o   t h e   p e a k  
l e v e l   o f   t h e   n o i s i e s t   a i r c r a f t ,   w i t h   p r o v i s o s   t h a t   t h e  t o t a l  number of a i r c r a f t   a n d  
t h e  number o f   t h e   n o i s i e s t   a i r c r a f t   e x c e e d   c e r t a i n  minima. This model has   been 
subsequen t ly   r ev i sed   ( r e f s .  3 through 5 )  i n t o   a n   i n t e r a c t i v e  number a n d   l e v e l  model 
i n  w h i c h ,   f o r   g r e a t e r   t h a n  50 even t s  per day,   annoyance  increases   with  peak  noise  
l e v e l ,   b u t   f o r  lesser numbers  of  events,  annoyance is p r o p o r t i o n a l   t o   t h e   p r o d u c t   o f  
number and  level .  

I n  a r e a n a l y s i s  of s e v e r a l  community s u r v e y s   ( r e f .   6 1 ,   t h e   e f f e c t s   o f  number  of 
a i r c r a f t   a n d   o t h e r   n o i s e   e v e n t s  w e r e  examined f o r   t h e   p o s s i b i l i t y  of a t r a d i n g  rela- 
t ionship   be tween  leve l   and  number.  Annoyance w a s  found i n   e a c h   s u r v e y   i n v e s t i g a t e d  
t o   i n c r e a s e   w i t h   i n c r e a s e d  numbers of f l y o v e r s  per u n i t  of t i m e ;  t h u s ,   t h e   g e n e r a l  
t r e n d   d o e s   n o t   s u p p o r t   t h e  - ( A )  peak  concept. The level and number t r a d i n g  rela- 
t ionships ,   however ,   var ied  f rom 0.2 t o  7.2 dB per doubling  of number o f   f l y o v e r s   i n  
t h e   d i f f e r e n t   s u r v e y s .  Because o f   h igh   co r re l a t ion   be tween   no i se   l eve l   and  number of 



events   wi th in   each   survey ,  and because of the p o s s i b i l i t y  of error i n   t h e  measurement 
or p r e d i c t i o n  of the   no i se   exposure  of r e s p o n d e n t s ,   t h e   t r a d i n g   r e l a t i o n s h i p s   c o u l d  
n o t   i n   g e n e r a l   b e  shown to  be s i g n i f i c a n t l y   d i f f e r e n t  from the 3 dB per doubl ing of 
the   energy  model or  o t h e r  similar models. 

Labora to ry   s tud ie s   such  as r e f e r e n c e s  7 through 9 have   no t   p rovided   conclus ive  
evidence of t h e   v a l i d i t y  of an   equ iva len t   ene rgy   mode l .   I n   t hese   s tud ie s ,  subjects 
made s ingle   annoyance  or accep tab i l i t y   j udgmen t s  t o  extended  per iods  which  contained 
d i f f e r e n t  numbers   of   f lyovers .   In   reference 8, a t r a d i n g   r e l a t i o n s h i p   b e t w e e n  number 
and level cou ld   no t  be r e l i a b l y   e s t a b l i s h e d   b e c a u s e  of the des ign  of the  experiment .  
The t r ad ing   r e l a t ionsh ip   found   be tween  number and level  i n   r e f e r e n c e  7 g e n e r a l l y  
supported  an  energy-type model. However, s ince   no  effect  of number w a s  found for the 
s u b j e c t s '  f i rs t  c o n d i t i o n  of l a b o r a t o r y   n o i s e   e x p o s u r e  it w a s  conc luded   t ha t   t he  
t r a d i n g   r e l a t i o n s h i p  w a s  dependent  on  the  annoyance  judgment  experience  of  the t e s t  
s u b j e c t s .  The r e s u l t s  of t h e  series of experiments  reported i n   r e f e r e n c e  9 a l s o  
genera l ly   suppor ted   an   enerqy- type  model. However, i n   t he   expe r imen t s   i n   wh ich   t he  
number of   no ises  w a s  a variable, on ly   s imula t ed   f l yove r s  w e r e  used.   These  s imulated 
f l y o v e r   n o i s e s  were j u d g e d   s i g n i f i c a n t l y  less a c c e p t a b l e   t h a n   a c t u a l   a i r c r a f t   f l y o v e r  
n o i s e s   w i t h   e q u i v a l e n t   e n e r g i e s .  

In  a s t u d y  reported i n   r e f e r e n c e  10, mu l t ip l e   hu r s t s   o f   b roadband  random n o i s e ,  
s p e c t r a l l y   s h a p e d  to  s imula t e   t he   spec t rum  o f  a j e t  a i r p l a n e   f l y o v e r ,  were p r e s e n t e d  
t o  s u b j e c t s   i n   d i f f e r i n g   b a c k g r o u n d   n o i s e   l e v e l s .  The r e s u l t s   o f   t h i s   s t u d y   i n d i -  
c a t e d  a t r a d e - o f f   o f   n o i s e   l e v e l   t o  number of 4 t o  5 dB per doubling  of number,  which 
i s  somewhat g r e a t e r   t h a n  a str ict  equ iva len t   ene rqy  model. 

Although a number of the   l abo ra to ry   s tud ie s   have   p roduced   r e su l t s   wh ich   do   no t  
d i sag ree   w i th   an   equ iva len t   ene rqy  model, t he   s tud ie s   have   no t   comple t e ly   addres sed  
the   na tu re  or d e t a i l s  of how sub jec t s   r e spond  t o  t h e  number and  noise  level of f l y -  
o v e r s   i n   t h e   n o i s e   s e s s i o n s .  Several different   response  models   have  heen  hypothe-  
s i z e d .  One possible response  model is  t h a t   s u b j e c t s   r e s p o n d  to  t h e  t o t a l  n o i s e  
energy   or   in tegra te   the   energy   over   whatever   per iod  of time is available. Another 
possible   response  model  is t h a t   t h e   s u b j e c t s   r e s p o n d  t o  t h e   a v e r a g e   e n e r g y   i n   t h e  
time ava i lab le .   Another  possible response  model,  the  "annoyance  decay  concept," 
is tha t   t he   sub jec t s '   l eve l   o f   annoyance  rises and f a l l s   w i t h   t h e   n o i s e   l e v e l   b u t  
w i t h  a long  decay time. Therefore,  the  annoyance  response  would  depend  on  the number 
and  level   of  f l yove r s ,   t he  time between f lyovers ,   and when the   response  w a s  given.  

To p rov ide   add i t iona l   i n fo rma t ion   on   t he   e f f ec t   o f  number a n d   l e v e l s   o f   a i r c r a f t  
f lyover   noises   on  annoyance  and  on  the  nature   of  how sub jec t s   r e spond  to  m u l t i p l e  
noise   exposure ,  a series of mul t ip l e -even t   s tud ie s  were designed  and  conducted a t  t h e  
NASA Lang ley   Resea rch   Cen te r .   I n   t he   f i r s t   o f   t hese   s tud ie s   ( r e f .  1 l ) ,  d i f f e r e n t  
numbers   of   f lyovers   (ampli tudes  f ixed  during  each  half-hour  tes t  s e s s i o n )  were judged 
by s u b j e c t s   i n  a simulated  l iving-room  environment.  The increased  annoyance  produced 
by  doubl ing  the number of f l y o v e r s  w a s  found t o  h e   t h e   e q u i v a l e n t  of a 4- t o  6-dB 
i n c r e a s e   i n   n o i s e  level. It w a s  a l s o   f o u n d   t h a t   t h e   s e n s i t i v i t y   o f   s u b j e c t s  t o  
changes i n   b o t h   n o i s e   l e v e l   a n d  number increased   wi th   l abora tory   exper ience .   This  
l a t t e r  f ind ing   suppor t ed   t he   t r end   found   i n   r e f e rence  7, hu t   no t   the   magni tude   o f  
e f f e c t   o f   e x p e r i e n c e .  

I n   t h e   s e c o n d   o f   t h e s e   s t u d i e s  (ref. 121, a f i x e d  number  of f l y o v e r s   ( n i n e  per 
s e s s i o n )   w i t h   d i f f e r i n g   p e a k   n o i s e  levels were p r e s e n t e d   i n   h a l f - h o u r  t es t  
sessions.   Because  of   high  correlat ion  between  the maximum peak  noise level and  the 
energy   average   no ise  level of t h e   s e s s i o n s ,  it w a s  n o t  possible to  s t a t i s t i c a l l y  
d i s t i n g u i s h  the equ iva len t   ene rgy  model  from t h e  dB(A)  peak  concept,  although the 
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energy model w a s  more h ighly  correlated wi th   the   subjec t ive   responses .  No suppor t  
could be found f o r  a n  annoyance  decay  concept  for  multiple-event  annoyance  over  the 
r e l a t i v e l y   s h o r t   ( h a l f - h o u r )  test per iods .  

Two new mul t ip l e   a i r c ra f t   no i se   even t   annoyance   s tud ie s  are . r e p o r t e d   i n   t h i s  
paper.  The o b j e c t i v e  o f   t h e   f i r s t   e x p e r i m e n t  w a s  t o   f u r t h e r   s t u d y   t h e  dB(A)  peak 
concept  and  the  annoyance  decay  concept.  The o b j e c t i v e  of t h e  second s tudy  was t o  
provide  information as t o  whether  annoyance t o   m u l t i p l e   e v e n t s  is more c l o s e l y  
r e l a t e d   t o   t h e   a v e r a g e   e n e r g y  or t h e  t o t a l  energy   of   the   events .   In   these   s tud ies ,  
s u b j e c t s   i n  a simulated  l iving-room  environment made annoyance  judgments on s e s s i o n s  
w i t h   d i f f e r e n t   d u r a t i o n s   a n d   w i t h   d i f f e r i n g  numbers  and leve ls   o f   f lyover   no ises .  
The d e t a i l s  o f   the   des igns   and   the   resu l t s   o f   the   exper iments  are repor ted   here in .  

F- ra t io  

LA 

Ldn 

L 
eq 

NEF 

N N I  

P 

r 

SYMBOLS AND ABBREWIATIONS 

r a t i o  of   var iances  

A-weighted maximum n o i s e   l e v e l ,  dB 

day-night  average  sound  level,  dB 

equivalent   cont inuous  sound  level   (energy-averaged)  , dB 

noise   exposure   forecas t  

noise  and number index 

p r o b a b i l i t y  of  occurrence 

Pearson  product-moment c o r r e l a t i o n   c o e f f i c i e n t  

More d e t a i l s  o f   the   ind ices   and   sca les   for   acous t ica l   measurements   can  be found 
i n  a number of   genera l   no ise   re fe rences ;   inc ludinq   re ference  13. 

EXPERIMENTAL METHOD 

Test F a c i l i t y  

The i n t e r i o r   e f f e c t s  room in  the  Langley  Aircraf t   Noise   Reduct ion  Laboratory 
( f i g .  1 )  was used i n  the   p resent   exper iment .  This room was designed  to   resemble a 
t y p i c a l   l i v i n g  room and t o  a l low  cont ro l led   acous t ica l   envi ronments   to  be p resen ted  
t o  s u b j e c t s .  The cons t ruc t ion   of   the  test  room is t y p i c a l  of  modern s ingle- fami ly  
dwell ings.  

The loudspeaker  systems  used t o  p roduce   t he   a i rp l ane   no i se   s t imu l i  were loca ted  
o u t s i d e   t h e  test  room t o   p r o v i d e  a r e a l i s t i c   s i m u l a t i o n   o f   r e s i d e n t i a l   a i r p l a n e  
noise .   Reference 14 p r e s e n t s   a d d i t i o n a l   i n f o r m a t i o n  on t h e   f a c i l i t y .  
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Noise   S t imul i  

The n o i s e   s t i m u l i   u s e d   i n   b o t h   s t u d i e s  were reco rded   no i se s  of a Boeing  727 
a i r p l a n e .  The master record ing   used  w a s  made a t  a loca t ion   approx ima te ly  6 km from 
brake release unde r   t he   f l i gh t   pa th .   Th i s   sound  w a s  presented,  under  computer  con- 
t r o l ,  a t  d i f f e r e n t   p e a k   n o i s e   l e v e l s ,   f o r   d i f f e r e n t  numbers  of  occurrences,   and a t  
d i f f e r e n t  times i n   n o i s e  test  s e s s i o n s  as determined by the   exper imenta l   des igns  
d e s c r i b e d   i n   t h e   n e x t   s e c t i o n .   F o r   t h o s e  test  s e s s i o n s   c o n t a i n i n g   m u l t i p l e   n o i s e  
even t s ,   t he   no i se s  were p resen ted  a t  equa l  time i n t e r v a l s   p l u s   o r  minus a random 
number  of seconds  between 0 and 45. 

Experimental   Design 

The same b a s i c   d e s i g n  was chosen   for   bo th   exper iments .  Each experiment  con- 
t a i n e d  1 1  d i f f e r e n t   c o n d i t i o n s   o r  tes t  s e s s i o n s .  Two o f   t h e   s e s s i o n s   s e r v e d  as r e f -  
e r ence   cond i t ions .  The n ine   p r imary   condi t ions  were cons idered   an   incomple te  
b lock   32   f ac to r i a l   des ign   w i th   r epea ted   measu res .   Sub jec t   g roups   s e rved  as t h e  
b lock ing   f ac to r .  The des ign  w a s  incomplete   because time cons ide ra t ions   p reven ted  
each   subjec t   f rom  exper ienc ing  a l l  nine  pr imary test  conditions  and  because  of 
d i f f i c u l t y   i n   g e t t i n g   s u b j e c t s   t o   r e l i a b l y   r e t u r n   f o r   a d d i t i o n a l   t e s t i n g .  
D i f f e r e n c e s   i n   t h e  two experiments  are d e s c r i b e d   i n   t h e   s e c t i o n s   w h i c h   f o l l o w .  

First experiment.- The pr imary   var iab les   o f   th i s   exper iment  were t h e  time o f  
occurrence   and   the  number o f   f l yove r   no i se s   w i th  a n o i s e   l e v e l  1 2  dB g r e a t e r   t h a n   t h e  
g e n e r a l l y  more numerous low-noise- leve l   f lyovers .  The t o t a l  number o f   f l y o v e r s   i n  
t h e  t e s t  s e s s i o n s  was 8 and a l l  s e s s i o n   d u r a t i o n s  were 30 minutes .   In  a g iven  
primary t es t  sess ion ,   the   h igh-noise- leve l   sounds   occur red  a t  the  beginning,   middle ,  
o r  end  of  the series o f   f l y o v e r   n o i s e s   i n   t h e   s e s s i o n .   E i t h e r  1, 2, o r  4 high-noise- 
leve l   sounds  were presented .  

To provide  a compar i son   o f   t he   e f f ec t s   o f  time of   occurrence  and number of  high- 
no i se - l eve l   f l yove r s   w i th   t he   e f f ec t   o f   no i se - l eve l   change ,   each   sub jec t   g roup  w a s  
p re sen ted  a s e s s i o n   w i t h  8 of   the   low-noise- leve l   f lyovers   and  a s e s s i o n   w i t h  8 of  
t he   h igh -no i se - l eve l   f l yove r s .  

Each sub jec t   g roup  w a s  exposed t o  and  judged  f ive  sessions  of   mult iple-event  
a i r p l a n e   n o i s e .  Two of t h e   s e s s i o n s  were the   compar i son   (o r   r e f e rence )   cond i t ions ,  
w i th   cons t an t -no i se - l eve l   f l yove r s ;   t he   o the r   t h ree   s e s s ions  were se l ec t ed   f rom  the  
nine  pr imary t es t  cond i t ions .  The o r d e r   o f   p r e s e n t a t i o n   o f   t h e   s e s s i o n s   t o   t h e   s u b -  
j ec t  groups is  g i v e n   i n   t a b l e  I. The r e f e r e n c e   c o n d i t i o n s   i n d i c a t e d  by "H" and "L" 
occurred  as t h e   f i r s t   o r   f o u r t h  of   the series o f   c o n d i t i o n s   g i v e n   t o   t h e   s u b j e c t  
groups. High n o i s e   l e v e l s  are i n d i c a t e d  by H, and  low  noise   levels  are i n d i c a t e d  
by L. Half  of the  groups were p r e s e n t e d   c o n d i t i o n  H f i r s t ;   h a l f  were p resen ted  
c o n d i t i o n  L f i r s t .  The order   of   the   pr imary test  condi t ions ,   which   occur red  as t h e  
s e c o n d ,   t h i r d ,   o r   f i f t h   s e s s i o n s ,  w a s  based on a Greco-Lat in   square   for   the  time of 
occurrence  and number condi t ion .   Al though  order   o f   p resenta t ion   or   l abora tory  
exper ience  was shown i n  one   p rev ious   s tudy   ( re f .  1 1  1 t o   h a v e   o n l y  a small e f f e c t   o n  
s u b j e c t   r e s p o n s e   i n  a mul t ip le -exposure   exper iment ,   the   p resent   des ign  was balanced 
t o   k e e p   p o s s i b l e   e f f e c t s  o f   o r d e r   f r o m   c o n t a m i n a t i n g   r e s u l t s   a t t r i b u t a b l e   t o   t h e  
pr imary  var iables .   Because  the  design w a s  incomplete,  it w a s  r e a l i z e d   t h a t   e f f e c t s  
a t t r i b u t a b l e  t o  in t e rac t ion   be tween   t he   p r imary   f ac to r s  (time of   occurrence  and 
number of   h igh-noise- leve l   f lyovers )   could   no t   be   comple te ly   separa ted   f rom  those  
a t t r i b u t a b l e   t o   d i f f e r e n c e s   i n   g r o u p s  of   subjects .   Consequent ly ,  i t  was n o t  
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cons idered   necessary  t o  ba lance   t he   des ign   fo r  a l l  possible   combinat ions  of  time of 
occurrence  and number  of h igh-noise- leve l   f lyovers .  

Acous t ic   measurements   o f   the   condi t ions   p resented   to   the   subjec ts  were taken,  
and d e s c r i p t i o n s  of   the   no ise   exposures   in  terms of some commonly used  noise  metrics 
are g i v e n   i n   t a b l e  11. Maximum A-weighted  sound l e v e l s  LA fo r   t he   h igh -   and  low-  
no i se - l eve l   f l yove r s  were 79.2 dB and  67.2 dB. The various  combinat ions  of   the   high-  
and  low-noise- level   f lyovers   produced  energy  equivalent   sound  levels  L f o r   t h e  
sessions  from  50.8 dB t o  62.8 dB. In  terms of   the  computed  metr ics ,   nolse   exposure 
f o r e c a s t  NEF and  noise  and number index N N I ,  the  exposures  varied  between  13.9 dB and 
26.3 dB f o r  NEF and  between  38.1 dB and  50.5 dB f o r  NNI. The LA, Leq, NEF, and NNI 
va lues   r epor t ed  were measured i n   t h e   t e s t   f a c i l i t y .  Outdoor  noise  exposures  which 
would  produce  these  indoor  values would  be  approximately 20 dB g r e a t e r   t h a n   t h e  
indoor   va lues   repor ted .  The highes t   exposures   would ,   therefore ,   represent   h igh  com- 
munity  noise  exposures similar t o   t h o s e   c l o s e   t o   m a j o r   a i r p o r t s .  

e9 

Second  experiment.- The b a s i c   d e s i g n   f o r   t h i s   e x p e r i m e n t  w a s  i d e n t i c a l   t o   t h a t  
o f   t h e   f i r s t   e x p e r i m e n t   e x c e p t   f o r  a d i f f e r e n t   s e t  o f   var iab les .  The pr imary   var i -  
a b l e s  were the   du ra t ion   o f   t he  tes t  sess ions   and   the  number of f l y o v e r   n o i s e s   i n   t h e  
test  sess ions .   Dura t ions   o f   sess ions  w e r e  15,  30,  and  60  minutes,  and  the  sessions 
conta ined  1 ,  4, o r   1 6   f l y o v e r s   w i t h  a f ixed   peak   no i se   l eve l .  The maximum r a t e  i s  
r ep resen ta t ive   o f  maximum u s e   r a t e s   f o r  a  runway  system  with two p a r a l l e l  runways. 

To provide a compar ison   of   the   e f fec ts   o f   the   dura t ion  and number of   f lyover  
noises   wi th  the e f f e c t  o f   no ise   l eve l ,   each   subjec t   g roup  was presented  two r e f e r e n c e  
tes t  sessions  of  15-minute  duration  which  contained 8 f l y o v e r   n o i s e s .  The noise-  
l eve l   d i f f e rence   be tween   t hese  two s e s s i o n s  was 18 dB. As i n   t h e   f i r s t   e x p e r i m e n t ,  
t h e  two n o i s e   l e v e l s  are i n d i c a t e d  by H and L. (See t a b l e  111.) 

As was the   ca se  i n  t he   f i r s t   expe r imen t ,   e ach   sub jec t   g roup   expe r i enced   and  
judged   f i ve   s e s s ions  of mul t ip l e -even t   a i rp l ane   no i se .  Two of   t he   s e s s ions  were t h e  
r e fe rence   cond i t ions ;   t he   o the r   t h ree   s e s s ions   were   s e l ec t ed   f rom  the   n ine   p r imary  
t e s t   c o n d i t i o n s   w i t h   f a c t o r i a l   c o m b i n a t i o n s   o f   t h e  test  v a r i a b l e s .  The order   of  
p r e s e n t a t i o n  of t h e   s e s s i o n s  i s  g i v e n   i n   t a b l e  111. The same type   o f   p re sen ta t ion  
scheme was used i n  t h i s   e x p e r i m e n t   a s  w a s  used i n  t h e   f i r s t   e x p e r i m e n t .  However, t h e  
v a r i a b l e s   o r   t e s t - s e s s i o n   c o n d i t i o n s  were d i f f e r e n t ,   a s  shown i n   t a b l e  111. 

The no i se   exposures   fo r   t he   cond i t ions   o f   t h i s   expe r imen t   a r e   g iven   i n  
t a b l e  IV. The va lues  of L~ for   the  high-   and  low-noise- level   reference  sessions 
were  79.3 dB and  61.3 dB,  r e s p e c t i v e l y ;   t h e  LA v a l u e s   f o r  a l l  o ther   sess ions   were  
76.3 dB. The values  of ranged  from  47.8 d B  t o  65.9 dB, a somewhat g r e a t e r  
r a n g e   t h a n   f o r   t h e   f i r s t   e x p e r i m e n t .  Computed exposures i n  terms of NEF and N N I  
ranged  from  10.8 dB t o  29.4 dB and from  29.5 dB t o  56.6 dB,  respec t ive ly .   Again ,  
t hese   va lues  are the  measured  indoor  exposure  levels  and  would be approximately 20 dB 
less than  outdoor   exposure  levels .  

Leq 

Sub jec t s  

The 60   sub jec t s  (12  groups  of 5 s u b j e c t s )   u s e d   i n   e a c h   e x p e r i m e n t  were p a i d  
vo lun tee r s   f rom  the   gene ra l   popu la t ion   o f   t he  c i t ies  of Hampton and  Newport N e w s  and 
of York County,   Virginia .   Approximately  half   of   the   subjects   had  previous  experience 
in   psychologica l   judgment  tests, b u t  no s u b j e c t   p a r t i c i p a t e d   i n   b o t h   e x p e r i m e n t s .  
The s u b j e c t s  w e r e  aud iomet r i ca l ly   s c reened   t o   i n su re   no rma l   hea r ing   ab i l i t y .  
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Procedures 

Upon a r r i v a l  a t  t h e   l a b o r a t o r y ,   e a c h   s u b j e c t  w a s  g i v e n   i n s t r u c t i o n s   f o r  the 
experiments.  After t h e   s u b j e c t s  h a d   r e a d   t h e   i n s t r u c t i o n s ,   t h e  tes t  conductor  asked 
i f   t h e r e  were any   ques t ions   and   ve rba l ly   r e in fo rced  the use  of  the numer ica l   ca tegory  
scale used   for   the i r   annoyance   responses .  The i n s t r u c t i o n s   a n d   s c o r i n g   s h e e t s  are 
d u p l i c a t e d   i n  the appendix. The s u b j e c t s  were f i r s t   r e q u e s t e d  t o  judge the n o i s e  of 
e a c h   s e s s i o n   w i t h   r e g a r d  t o  t h e i r   f e e l i n g s   o f   a n n o y a n c e   i n  the l a b o r a t o r y   s i t u a t i o n .  
They were t h e n   r e q u e s t e d   t o   j u d g e   t h e   n o i s e   s e s s i o n   i n  terms of how they  would f e e l  
a b o u t   t h e   n o i s e   i f   t h e y   h e a r d  i t  i n   t h e i r  homes. This  home-projected  annoyance 
q u e s t i o n  w a s  d i v i d e d   i n t o   t h r e e  time p e r i o d s  - day,   evening,   and  night .  

The s u b j e c t s  were a l s o   r e q u e s t e d  t o  i n d i c a t e  on t h e   s c o r i n g   s h e e t s   w h e t h e r   o r  
n o t   t h e y  were h igh ly   annoyed   by   t he   no i se   i n   t he   s e s s ion .  This w a s  a l s o   d i v i d e d   i n t o  
labora tory   and   day ,   evening ,   and   n ight   home-pro jec ted   sec t ions .  A similar technique  
w a s  used i n   r e f e r e n c e s  7, 1 1 ,  12,   and  15  for   the  comparison  of   laboratory  annoyance 
s t u d i e s   w i t h  community  survey  resul ts .  The r e s u l t s   o f   r e f e r e n c e s  7, 1 1  , 1 2 ,  and  15 
i n d i c a t e   r e l a t i v e l y  good  agreement  with  community  annoyance  surveys  such as those  
r e p o r t e d   i n   r e f e r e n c e  1 6. 

A f t e r   t h e   i n s t r u c t i o n   p e r i o d ,   t h e   s u b j e c t s  were e s c o r t e d   t o   t h e  t es t  f a c i l i t y ,  
randomly  assigned seats, and  again  asked i f   t h e y  had  any  quest ions.  After each t e s t  
s e s s i o n ,   t h e  t e s t  c o n d u c t o r   r e t u r n e d   t o   t h e   f a c i l i t y   a n d   g a v e   t h e   s c o r i n g   s h e e t s   t o  
t h e   s u b j e c t s   f o r   t h e i r   j u d g m e n t s .  A 15-minute rest break w a s  g i v e n   a f t e r   t h e   t h i r d  
s e s s i o n .  

RESULTS AND D I S C U S S I O N  

F i rs t   Exper iment  - Effec ts   o f  Time of  Occurrence  and 
Number of  High-Noise-Level  Flyovers 

Analyses  of  variance  of  annoyance  responses.- The exper imenta l   des ign  was n o t  a 
common r e p e a t e d - m e a s u r e s   f a c t o r i a l   d e s i g n ,   i n   t h a t   e a c h   s u b j e c t   j u d g e d   t h e  two r e f e r -  
ence   condi t ions   and   on ly   one- th i rd   o f   the   p r imary  t es t  c o n d i t i o n s .  As a consequence, 
modif ied  analyses   of   var iance were used t o   d e t e r m i n e   i f   t h e   p r i m a r y   v a r i a b l e s   o r  main 
f a c t o r s   p r o d u c e d   s i g n i f i c a n t   e f f e c t s  on subjects '   annoyance  responses.   Summaries  of 
t hese   ana lyses   fo r   t he   fou r   annoyance   ques t ions  are p r e s e n t e d   i n   t a b l e  V. The f i r s t  
step in   t he   mod i f i ed   p rocedure   fo r   each   ques t ion  w a s  t o   c o n d u c t  a two- fac to r   ana lys i s  
of   var iance   wi th   subjec t   g roups   and   t rea tments   (d i f fe ren t   no ise   condi t ions)  as f ac -  
t o r s .  The r e s i d u a l  mean squa re   f rom  th i s   ana lys i s   t he reby   p rov ided   an  estimate of 
e r r o r   v a r i a n c e  t o  tes t  f o r   e f f e c t s   o f   t h e  main f a c t o r s ,  time of  occurrence,   and 
number of   h igh-noise- leve l   f lyovers .  The second s tep w a s  t o   c o n d u c t  a two-factor 
a n a l y s i s   o f   v a r i a n c e   f o r  time of  occurrence  and number o f   h igh -no i se - l eve l   f l yove r s  
u s i n g   o n l y   r e s p o n s e s   f o r   t h e s e   c o n d i t i o n s  (i.e.,  i g n o r i n g   t h e   r e f e r e n c e   c o n d i t i o n s )  
t o   p r o v i d e  mean s q u a r e s   f o r   t h e   p r i m a r y   f a c t o r s .  A s  previously  ment ioned,   the   design 
was incomple te ,   and   in te rac t ion   be tween  the   p r imary   fac tors   could   no t   be   separa ted  
f rom  sub jec t   g roup   e f f ec t s .  

~~~ "" ~ 

R e s u l t s   o f   t h e s e   a n a l y s e s   r e v e a l e d   s e v e r a l   i n t e r e s t i n g   f e a t u r e s .   F i r s t ,   f o r  a l l  
ques t ions ,   sub jec t   g roups   and   t r ea tmen t s  were s i g n i f i c a n t  (p < 0.05).  Second, f o r  
a l l  q u e s t i o n s ,   t h e  time of   occurrence was n o t   s i g n i f i c a n t .   T h i r d ,   t h e  number of 
h igh -no i se - l eve l   f l yove r s  w a s  s i g n i f i c a n t   f o r   o n l y  the labora tory   annoyance   ques t ion .  
Because   t he   e r ro r  mean squa re  w a s  least  f o r   t h e   l a b o r a t o r y   q u e s t i o n   i n   b o t h  
e x p e r i m e n t s ,   t h e   c o m p a r i s o n s   f o r   d i f f e r e n t   c o n d i t i o n s   i n   s u b s e q u e n t   s e c t i o n s   o f   t h i s  
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r e p o r t  are pr imar i ly   based   on   these   responses .  It i s  of i n t e r e s t  t o  note,  however, 
that   the   evening  home-projected  quest ion  had  comparably  small   error   and  had  the least 
mean-square  var iance  due  to   subject   groups.  

E f f e c t s   o f  t i m e  of  occurrence.- The re su l t s   o f   t he   ana lyses   o f   va r i ance   i nd i -  
c a t e d   t h a t   t h e  time of   occur rence   o f   the   h igh-noise- leve l   f lyovers   in   the  test ses- 
s i o n s  w a s  n o t  a s i g n i f i c a n t   f a c t o r   i n   t h e   a n n o y a n c e   r e s p o n s e s .  The annoyance  response 
averaged  over   subjects   and number  of  high-noise-level  f lyovers is  shown  on t h e   l e f t  
s i d e   o f   f i g u r e  2. Although a s l i g h t   i n c r e a s e   i n   a n n o y a n c e  w a s  r epor t ed  when t h e  
h igh-noise- leve l   f lyovers   occur red  a t  the  end  of   the test s e s s i o n s ,   t h e r e  w a s  no 
c o n s i s t e n t   t r e n d   i n d i c a t e d  as t h e  time of   occurrence  approached  the  end  of   the tes t  
session.  Comparison  of mean annoyance  responses   for  a l l  ques t ions   and   fo r   t he   va r i -  
ous   numbers   o f   h igh-noise- leve l   f lyovers   in   t ab le  V I  i n d i c a t e s   t h a t   e v e n   t h i s   t r e n d  
is not   cons is ten t .   Consequent ly ,   these   da ta  are i n  good  agreement  with  recent 
r e s u l t s   i n   r e f e r e n c e  12 ,  which also did  not   support   an  annoyance  decay  hypothesis .  
Therefore ,  it appears   tha t   the   fee l ing   of   annoyance   towards   ind iv idua l   no ise   events  
d o e s   n o t   d e c r e a s e   a p p r e c i a b l y   o v e r   t h e   s h o r t   p e r i o d s   o f  time measurable i n   l a b o r a t o r y  
tests. As the   exper imenta l   des ign  was incomplete,  it w a s  n o t   a p p r o p r i a t e   t o  tes t  f o r  
i n t e rac t ion   be tween  time of  occurrence  and number  of h igh-noise- leve l   f lyovers .  
Therefore ,   the   experiment   does  not   provide  conclusive  information to  j u s t i f y  com- 
p l e t e ly   d i scoun t ing   any   t ime-o f -occur rence   e f f ec t .  

Ef fec ts   o f  number  of h igh-noise- leve l   f lyovers  .- The ana lyses   o f   var iance   ind i -  
cated  that   the-n-umber  of- h igh-no i se - l eve l   f l yove r s   i n   t he  test  s e s s i o n s  was  a s i g n i f -  
i c a n t  f ac to r   i n   t he   annoyance   r e sponses .   F igu re  2 i nd ica t e s   t ha t   t he   annoyance  
response   increased   wi th   the  number  of f l yove r s .  This t r end  w a s  a l so   found  to   be  
cons i s t en t   fo r   each   o f   t he   home-p ro jec t ed   r e sponses   based  on t h e  data of t a b l e  V I .  
The r e l a t i o n s h i p  of  annoyance t o   t h e  number  of h i g h - n o i s e - l e v e l   f l y o v e r s   ( f i g .  2 )  
appea r s   t o   be   l oga r i thmic .  This t r end  is  not   suppor t ive   o f   the   hypothes is   o f   the  
db(A)  peak  concept   of   references 2 through 5, which is  t h a t  above  about two f lyove r s  
pe r   hour   on ly   t he   no i se   l eve l   o f   t he   no i s i e s t   a i r c ra f t   de t e rmines   t he   annoyance .   In  
t h e   p r e s e n t  test, t h e   t o t a l  number  of f lyovers   per   hour  was f i x e d  a t  16, and   the   f ly -  
overs  a t  t h e   h i g h e s t   n o i s e   l e v e l s   w e r e   a t  a f ixed  level ;   however ,   annoyance  increased 
wi th   the  number  of h igh -no i se - l eve l   f l yove r s .   These   r e su l t s   a r e   i n  good  agreement 
wi th   r e f e rences  7, 1 1 ,  and 12. 

"" 

Second  Experiment - Effects  of  Session  Duration  and Number of  Flyovers 

Analyses  of  variance  of  annoyance  responses.- The same types  of   analyses   of  
var iance   were-per formed  for   th i s   exper iment  as were  performed  for   the  previous  exper-  
iment .   Summaries   of   these  analyses   for   the  four   annoyance  quest ions are p r e s e n t e d   i n  
t a b l e  V I I .  Mean s q u a r e s   f o r   s u b j e c t   g r o u p s  were approximate ly   the  same as i n   t h e  
previous  experiment;   however,  mean s q u a r e s   f o r   t r e a t m e n t s  w e r e  about  twice as g r e a t  
a s   t h o s e   f o r   t h e   f i r s t   e x p e r i m e n t .  Both  of t h e s e   f a c t o r s  w e r e  s i g n i f i c a n t   ( p  < 0.05) 
f o r  a l l  ques t ions .  The number  of f l y o v e r s   i n   t h e  tes t  s e s s i o n s  were s i g n i f i c a n t   f o r  
a l l  ques t ions .  The dura t ion   of   the  test  s e s s i o n s  w a s  s i g n i f i c a n t   f o r   t h e   l a b o r a t o r y  
annoyance   ques t ion ,   bu t   no t   fo r   t he   p ro j ec t ed   ques t ions .  The error mean squares  w e r e  
comparable t o  those  of   the  previous  experiment .  

E f fec t s   o f   s e s s ion   du ra t ion . -  The o v e r a l l   e f f e c t s   o f   t h e   d u r a t i o n   o f   t h e  test  
s e s s i o n s  are shown o n   t h e   l e f t   s i d e   o f   f i g u r e  3 for   the   l abora tory   annoyance   ques-  
t i o n .  The annoyance  response  has  been  averaged  over a l l  sub jec t   g roups   and  number  of 
f l yove r s .  The t r e n d  i s  for   decreased   annoyance   for  test  sess ions   o f   longer   dura t ion .  
This  is  suppor t ive   o f   t he   hypo thes i s   t ha t   annoyance  is p r o p o r t i o n a l   t o   t h e   a v e r a g e  

7 



energy   (equiva len t   cont inuous   sound level)  over t h e  time period of i n t e r e s t .  Annoy- 
ance t h e r e f o r e   i n c r e a s e s   w i t h   t h e  rate of n o i s e   e v e n t s   r a t h e r   t h a n   w i t h  t o t a l  energy. 
The  change i n  annoyance from the  15-minute session t o  the   60-minute   sess ion  was equiv- 
a l e n t  t o  approximately 8 dB i n  peak  noise  level, based on the change i n  mean annoy- 
ance  ' response fo r  the   r e f e rence   cond i t ions .   A l though   t he  8-dB annoyance  change is 
somewhat g r e a t e r   t h a n  the 6-dB change i n   e q u i v a l e n t   c o n t i n u o u s   s o u n d  level between  the 
15-minute   and  60-minute   sessions,   the   difference  between the e x p e r i m e n t a l   r e s u l t s   a n d  
the   equiva len t   energy   model  would n o t  be s i g n i f i c a n t .  

Effects of number of f lyovers . -  A s i g n i f i c a n t  effect  of number of f lyove r s   on  
annoyance  response w a s  found for  a l l  q u e s t i o n s .  The t r e n d   f o r   t h i s  effect  on labora- 
tory  annoyance is  also i n d i c a t e d   i n  figure 3. The p a t t e r n   o f   r e s u l t s  w a s  similar for  
the  home-projected  annoyance  questions ( table  V I I I ) .  Annoyance response w a s  approxi-  
mately 2.8 u n i t s   g r e a t e r  for  1 6   f l y o v e r s  per s e s s i o n   t h a n  fo r  1 f l y o v e r  per s e s s i o n .  
T h i s   d i f f e r e n c e  i s  e q u i v a l e n t  t o  about  a 19-dB change i n  peak   no ise   l eve l   based   on  
r e f e r e n c e   c o n d i t i o n s .  However, b a s e d   o n   e n e r g y   c o n s i d e r a t i o n s ,   t h e   d i f f e r e n c e   i n  
annoyance   fo r   t hese  number cond i t ions   shou ld  be e q u i v a l e n t   t o  a 12-dB d i f f e r e n c e   i n  
peak   no i se   l eve l .   A l though   t h i s   r e su l t  may be a n   a r t i f a c t   o f   t h e   p a r t i c u l a r  tes t ,  i n  
t h a t   t h e  most n o t i c e a b l e   d i f f e r e n c e   b e t w e e n   c o n d i t i o n s  w a s  number o f   f l y o v e r s ,   t h e  
r e s u l t  was c o n s i s t e n t  for  the  var ious  annoyances  and i s  i n  good  agreement  with 
r e s u l t s   o f  a p rev ious   s tudy  (ref. 1 1 1 ,  where  both number a n d   n o i s e - l e v e l   d i f f e r e n c e s  
were q u i t e   a p p a r e n t  t o  t h e   s u b j e c t s .   T h i s   e f f e c t   o f  number of   f lyovers ,   which  i s  
g r e a t e r   t h a n   t h a t   p r e d i c t e d  by  energy-based metrics, is a l so  i n  good  agreement  with 
t h e   r e s u l t s   o f   r e f e r e n c e   1 0   a n d   w i t h   t h e   r e s u l t s   o f   r e f e r e n c e  7 f o r   s i t u a t i o n s   w i t h  
more than   about  15 e v e n t s  per hour. The r e s u l t s  of t h i s   e x p e r i m e n t   i n   t h e   p r e s e n t  
s t u d y  are a lso n o t   s u p p o r t i v e   o f   t h e  & ( A )  peak  concept,  s ince,  f o r   c o n d i t i o n s  
g r e a t e r   t h a n  t w o  f l y o v e r s  per hour (i.e., one t o   f o u r   f l y o v e r s  per sess ion ,   depending  
o n   s e s s i o n   d u r a t i o n ) ,   t h e  number o f   f l y o v e r s  w a s  a s i g n i f i c a n t  factor i n   d e t e r m i n i n g  
annoyance  response. 

Annoyance P r e d i c t i o n   A b i l i t y   o f  Noise Metrics 

The v a r i a b l e s  of t h e  t w o  experiments  covered a wide  range  of a i r c ra f t  n o i s e  
exposure   cond i t ions .  AL t hough   d i f f e ren t  test s u b j e c t s  were used ,   the   exper imenta l  
t es t  methods ,   ins t ruc t ions ,   and   sca l ing   procedures  were t h e  same. A s  a consequence, 
i t  w a s  hoped t h a t   t h e  mean response   da ta   could  be pooled t o  provide  a l a r g e r   d a t a  
base f o r   i n v e s t i g a t i n g   t h e   e f f e c t i v e n e s s   o f  a number of   no ise  metrics f o r   p r e d i c t i n g  
annoyance.  Before  this  could  be  done,  however, it w a s  necessary  t o  reduce   the  
effects t h a t   t h e   d i f f e r e n t   s u b j e c t   g r o u p s  had  on  the mean annoyance  response  within 
each  experiment .  

Adjustments   for   subject   groups.-  As ment ioned   prev ious ly ,  i t  w a s  possible €or 
sub jec t -g roup   d i f f e rences  t o  affect  t h e  mean annoyance   responses   for   the   n ine   p r imary  
t e s t  condi t ions   s ince   each   group  exper ienced   on ly   th ree  of the   p r imary  test condi- 
t i ons .   Th i s   con found ing   o f   t he   e f f ec t s   o f   sub jec t   g roups   and   expe r imen ta l   va r i ab le s ,  
h o w e v e r ,   d i d   n o t   a f f e c t   t h e   r e s u l t s   o f   t h e   t r e n d s   o f   t h e   m a i n  variable p r e s e n t e d   i n  
the   p rev ious   s ec t ions   because   o f   t he   pa r t i cu la r   combina t ions   g iven  t o  the   g roups .  
F i r s t - o r d e r   e f f e c t s   o f   s u b j e c t - g r o u p   d i f f e r e n c e s   o n   t h e  t e s t  c o n d i t i o n s  were d e t e r -  
mined   by   per forming   l inear   l eas t - squares   regress ion   ana lyses   us ing  dummy v a r i a b l e s  
f o r   e a c h  subject group  and   t rea tment   condi t ion .  The r e g r e s s i o n   c o e f f i c i e n t  for  each 
t r e a t m e n t  dummy variable served  as an   ad jus tment  t o  the   g rand  mean f o r   e a c h  t reat-  
ment. This   accounted for  g r o u p   d i f f e r e n c e s .  The adjusted  annoyance  responses  are 
p r e s e n t e d   i n  tables I X  and X f o r   t h e  f irst  and   second  exper iments ,   respec t ive ly .  It  
shou ld   be   no ted   t ha t   t he   ad jus t ed   r e sponses  for  t h e   r e f e r e n c e   c o n d i t i o n s  of each 
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e x p e r i m e n t   ( t a b l e s  I X  and X)  are t h e  same as t h e  mean r e s p o n s e s   g i v e n   i n  tables V I  
and V I I I .  This i s  because a l l  sub jec t   g roups   expe r i enced   t hese   cond i t ions   i n   each  
experiment.  The a d j u s t m e n t s   f o r  subject groups t o  t h e   d i f f e r e n t   c o n d i t i o n s  were i n  
no case g r e a t e r   t h a n  1.0 u n i t s  on the  annoyance scale. 

F igu res  4 and 5 p r e s e n t   t h e   a d j u s t e d   a n n o y a n c e   r e s p o n s e s   f o r   t h e  f i r s t  and sec- 
ond expe r imen t s ,   r e spec t ive ly ,  as r e l a t e d   t o   n o i s e   e x p o s u r e   i n  terms of   s e s s ion  
L It  i s  appa ren t   f rom  f igu re  4 tha t   t he   annoyance   r e sponses   t o   t he   p r imary  test 
cond i t ions  are in   r easonab le   ag reemen t   w i th   t he   t r end   e s t ab l i shed  by t h e   r e f e r e n c e  
constant-noise- level   condi t ions.   Examinat ion  of   the  data   of   the   pr imary test condi- 
t i ons   i nd ica t e s   no   t r ends   excep t   i nc reased   annoyance   w i th   i nc reased   exposure ,   i n   t h i s  
case t h e  number of   h igh-noise- leve l   f lyovers .  It i s  appa ren t   f rom  f igu re  5 t h a t   t h e  
annoyance  responses t o  the   p r imary  tes t  cond i t ions  are n o t   i n  as good agreement   with 
t h e   t r e n d   o f   t h e   r e f e r e n c e   c o n d i t i o n s  as i n   f i g u r e  4. There i s  a n   i n d i c a t i o n   o f  
somewhat  reduced  annoyance f o r  the lower-exposure   condi t ions   than   for   the   re fe rence  
cond i t ions .  No c o n s i s t e n t   e v i d e n c e   f o r   i n t e r a c t i o n   b e t w e e n   s e s s i o n   d u r a t i o n   a n d  
number o f   f l yove r   no i se s  is  immediately  apparent.  

eq' 

I t  should be no ted   t ha t   cond i t ions   w i th   comparab le   ave rage   ene rgy  or s e s s i o n  
also  produced  comparable  annoyance. Those c o n d i t i o n s   f o r  of  about  54 dB, 

c o r r e s p o n d i n g   t o   o n e   f l y o v e r   i n   1 5   m i n u t e s   a n d   f o u r   f l y o v e r s   i n  60 m i n u t e s ,   d i f f e r e d  
by less than 0.5 annoyance scale u n i t .  Those c o n d i t i o n s   f o r  Leq of  about  60 dB, 
c o r r e s p o n d i n g   t o  4 f l y o v e r s   i n   1 5   m i n u t e s   a n d   1 6   f l y o v e r s   i n  60 minu tes ,   d i f f e red  by 
on ly  0.2 annoyance scale u n i t .  Whether t h e s e   r e s u l t s  w e r e  an   i nd ica t ion   o f  a "rate" 
e f f e c t   o r   u n q u a l i f i e d   s u p p o r t   f o r   a n   e q u i v a l e n t   e n e r g y  model cannot  be determined, 
because a l l  f l y o v e r s  were of   the same peak   no ise   l eve l .  

Leq Leq 

A fur ther   comparison  of   the  data   f rom  both  experiments  i s  shown i n   f i g u r e s  6 
and 7. I n   f i g u r e  6 the   pooled   unadjus ted  mean annoyance  responses are p l o t t e d  
a g a i n s t   n o i s e   e x p o s u r e   i n  Reasonably  high  correlat ion  of   annoyance  with 
exposure ( r  = 0.763) is  i n d i c a t e d .  The data f r o m   b o t h   e x p e r i m e n t s ,   p a r t i c u l a r l y   f o r  
t h e   r e f e r e n c e   c o n d i t i o n s   i n d i c a t e d  by the   so l id   symbols ,  are i n  good agreement. The 
annoyance data a d j u s t e d   f o r   s u b j e c t   g r o u p s  are p r e s e n t e d   i n   f i g u r e  7. The improvement 
i n   c o r r e l a t i o n  ( r  = 0.887)   over   the  unadjusted  data  is  obvious.  

Leq 

Annoyance p r e d i c t i o n   a b i l i t y . -  The annoyance   pred ic t ion  a b i l i t i e s  o f   s e v e r a l  
mul t ip le -event   o r   cumula t ive   no ise   exposure  metrics w e r e  examined  through  l inear  
l ea s t - squa res   r eg res s ion   ana lyses .  A summary o f   t h e   r e s u l t s   f o r   t h e   l a b o r a t o r y  
annoyance  response i s  p r e s e n t e d   i n   t a b l e  X I  f o r   e q u i v a l e n t   c o n t i n u o u s   s o u n d   l e v e l  
Leq, no i se   exposure   fo recas t  NEF, and noise   and number index N N I .  From these   ana ly -  
ses  and   f i gu re  8 it c a n   b e   s e e n   t h a t  N N I  p r o v i d e d   s l i g h t l y   g r e a t e r   c o r r e l a t i o n   t h a n  

s i g n i f i c a n t ,   t h e   r e s u l t s  are c o n s i s t e n t  for  t h e  t w o  experiments  and are c o n s i s t e n t  
w i t h   r e s u l t s   p r e s e n t e d   i n   r e f e r e n c e s   1 0   a n d  1 1 .  Th i s   s l i gh t   improvemen t   i n   p red ic -  
t i o n   a b i l i t y  by N N I  i s  c o n s i s t e n t   w i t h   t h e   t r e n d   f o r   e f f e c t s  of number o f   f l y o v e r s  
( f i g s .  2 and 3 ) .  It w a s  p rev ious ly   men t ioned   t ha t   t he   e f f ec t s   o f  number o f   f l y o v e r s  
were g rea t e r   t han   p red ic t ed   based   on   ene rgy   cons ide ra t ions ;  N N I  p rovides  a g r e a t e r  
we igh t ing   fo r  number of   events   than   does   o r  NEF. It is a l s o  shown i n   t a b l e  X I  
t h a t   t h e   i n t e r c e p t s   a n d   s l o p e s   o f   a n y   o f   t h e   n o i s e  metrics are n o t   s i g n i f i c a n t l y  
d i f f e r e n t   f o r   t h e   a n a l y s e s   o f   t h e   f i r s t   e x p e r i m e n t ,   t h e   s e c o n d   e x p e r i m e n t ,   o r   t h e  
combined  experiments .   Thus,   the   pool ing  of   data   f rom  both  experiments  seems t o  be 
j u s t i f i e d .  

Leq or NEF. A l t h o u g h   t h e   d i f f e r e n c e s   i n   c o r r e l a t i o n  are n o t   s t a t i s t i c a l l y  

Leq 
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Percentage of Subjec ts   Repor t ing  High  Annoyance 

I n   a d d i t i o n  t o  being  asked t o  respond to  how annoyed the s u b j e c t s  w e r e  i n   t h e  
labora tory   o r   would  be i n   t h e i r  home, t h e   s u b j e c t s  were also asked  whether  they were 
or would be highly  annoyed by the   no i se   exposures .  The descr ip t ion   "h ighly   annoyed"  
was def ined  t o  t h e   s u b j e c t s  as whether or not   they  would  consider   doing  something 
about   the   no ise ,   such  as moving or complaining t o  au tho r i t i e s .   Th i s   t ype   o f   ques t ion  
has   been  used (refs. 7, 11,  12,  and 15) t o  compare labora tory   f ind ings   wi th   communi ty  
survey data such as i n   r e f e r e n c e  16. 

The percentage  of s u b j e c t s  who reported  they  would be h ighly   annoyed  in  their 
home dur ing   t he   va r ious  time periods of the   day  by the   no i se   exposures   expe r i enced   i n  
t h e   l a b o r a t o r y  are p r e s e n t e d   i n   f i q u r e  9. The r e s u l t s  for t h e  separate day,  evening, 
and   n igh t   pe r iods  are compared  with estimated outdoor  Leqm The three   curves  w e r e  
d e r i v e d   f r o m   l i n e a r   r e g r e s s i o n s  on Leq of   uni t   normal   deviates   (Z-scores)   which 
were as soc ia t ed   w i th   t he   va lues   o f   pe rcen tage   h igh ly   annoyed   a s  areas under   the  nor-  
mal p r o b a b i l i t y   d i s t r i b u t i o n   c u r v e .  The s l o p e   o f   t h e   t r e n d   l i n e s  is the  mean s l o p e  
o f   t h e   r e g r e s s i o n   l i n e s ;   t h e   s l o p e s   o f   t h e   i n d i v i d u a l   r e g r e s s i o n   l i n e s  were not   found 
t o  be   s ign i f i can t ly   d i f f e ren t .   A l though   t he  data have   cons ide rah le  scatter,  more of 
t h e   s u b j e c t s   t h o u q h t   t h e y  would be h ighly   annoyed  by   the   no ises  if they   occur red  a t  
n i g h t   r a t h e r   t h a n   d u r i n g   t h e   e v e n i n g  or day .   S imi l a r ly ,  more sub jec t s   t hough t   t hey  
would be h ighly   annoyed  dur ing   the   evening   than   dur ing   the   day .  

Some cumulative  exposure  noise metrics i n c o r p o r a t e   p e n a l t i e s   e x p r e s s e d  as a 
number o f   d e c i b e l s   t o  be added t o  t h e   l e v e l  of e v e n t s   o c c u r r i n g   d u r i n g   n i g h t   a n d  
evening t o  a c c o u n t   f o r  possible increased  annoyance re la t ive t o   e v e n t s   o c c u r r i n g  
dur ing   the   day .  Based  on t h e   d a t a   o f   f i g u r e  9, a n   a p p r o p r i a t e   v a l u e   f o r   e v e n i n g  
p e n a l t i e s  would be approximately 5 dB, a n d   a n   a p p r o p r i a t e   v a l u e   f o r   n i g h t   p e n a l t i e s  
would be approximately  14 dB. Based on  the  annoyance  judgments (tables V I  and V I I I ) ,  
app ropr i a t e   pena l t i e s   wou ld  be approximately 5 dB for   evening   and  11 d B  f o r   n i g h t .  
The technique  of   "percentage  highly  annoyed"  therefore   emphasized  the  night t ime  pen-  
a l ty .   Al though  these   va lues  are i n  good ag reemen t   w i th   t he   r e su l t s   o f   t he   s tudy  
r e p o r t e d   i n   r e f e r e n c e   1 1 ,  it shou ld   be   r ea l i zed   t ha t   t he   n igh t   we igh t ing   cou ld  a lso 
be somewhat i n f l a t e d  by o t h e r   f a c t o r s .  Fo r   i n s t ance ,   t he   sub jec t s   cou ld   have   i n t e r -  
p re t ed   t he   n igh t t ime   ques t ion  t o  mean, "Would you he   h igh ly   annoyed   i f  you were 
awakened  by the   no i se?"  

CONCLUSIONS 

Two experiments were conducted i n  w h i c h   s u b j e c t s   i n  a simulated  l ivinq-room 
environment   judged  the  annoyance  of   sessions  of   a i rplane  noise   which  contained  dif-  
f e r e n t   n o i s e   l e v e l s   a n d  numbers of  f l y o v e r s .   I n   t h e   f i r s t   e x p e r i m e n t ,  1 ,  2, or 4 
h igh-noise- leve l   f lyovers   occur red  a t  the  beqinning,  middle, or end  of  half-hour tes t  
sess ions .   There  were a t o t a l  of 8 f l y o v e r s   i n   e a c h  tes t  se s s ion .   In   t he   s econd  
experiment,  1 ,  4, or 16   f l yove r   no i se s   occu r red   i n  15-, 30-, o r  60-minute t es t  ses- 
s ions .   F indings  of the   s tudy   of   impor tance  t o  the  assessment  of  community-noise 
annoyance are as fol lows:  

1 .  I n   t h e   f i r s t   e x p e r i m e n t ,  time of occurrence of the   h igh -no i se - l eve l   f l yove r s  
i n   t h e   s e s s i o n s  w a s  n o t  a s i g n i f i c a n t   f a c t o r   i n   a n n o y a n c e   r e s p o n s e .  Thus, s u b j e c t i v e  
impressions of annoyance  do  not  appear t o  decay over half-hour   per iods of time, and 
an  "annoyance  decay  model" w a s  no t   suppor t ed .  It should be n o t e d   t h a t  it w a s  n o t  
possible, because of t h e   p a r t i c u l a r   e x p e r i m e n t a l   d e s i g n ,  t o  test  f o r   i n t e r a c t i o n  
e f f ec t s   be tween  time of occurrence  and number of h igh-noise- leve l   f lyovers .  
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Consequently, the experiment  does  not  provide  enough  information t o  d i s c o u n t  
comple te ly   t ime-of -occurrence   e f fec ts .  

3. In  the second  experiment ,   annoyance  decreased  with  increased  tes t -session 
d u r a t i o n  for f i x e d  numbers of f l y o v e r s  per s e s s i o n .   T h i s   f i n d i n g  is i n d i c a t i v e   t h a t  
t h e  rate of f l y o v e r s ,  or number per time per iod ,  is an   impor tan t  variable i n  
community-noise  annoyance.  Thus,  an  "average  energy model," r a t h e r   t h a n  a " to ta l  
energy mode 1, I' w a s  supported.  

4. Also i n   t he   s econd   expe r imen t ,  annoyance inc reased   w i th  number of f l y o v e r s   i n  
t h e  test sess ions .   Thus ,   the  d B ( A )  peak  concept w a s  a g a i n   n o t   s u b s t a n t i a t e d .  The 
i n c r e a s e   i n   a n n o y a n c e  w a s ,  however,  somewhat g r e a t e r   t h a n   p r e d i c t i o n s  based on t h e  
"equivalent   energy"  concept .  

5. Based on   ana lyses   o f  data from  both  experiments ,   noise   and number index  NNI 
w a s  found t o  predic t   annoyance   response  better than   equiva len t   cont inuous   sound 
l eve  1 Les or no i se   exposure   fo recas t  NEF. This  is  a t t r i b u t e d  t o  a number e f f e c t  
g r e a t e r   t h a n   t h a t   b a s e d  on the   equ iva len t   ene rqy   concep t  as mentioned i n  
conclusion 4. 

6. Based on t h e   r e s u l t s   o f   t h e   r e s p o n s e s   o f   t h e   s u b j e c t s   t o   t h e   q u e s t i o n s  of 
a n n o y a n c e   p r o j e c t e d   i n   t h e i r  home environments ,   appropriate   t ime-of-day  penal t ies  
were found t o  be 5 d B  for   evening   events   and  11 dB t o  14 dB,  for n igh t   even t s  
r e l a t i v e  t o  day  events .  

Langley  Research  Center 
National  Aeronautics  and Space Adminis t ra t ion 
Hampton, VA 23665 
November 19, 1982 
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APPENDIX 

INSTRUCTIONS AND SCORING SHEET 

I n s t r u c t i o n s  

The exper iment   in   which  you are p a r t i c i p a t i n g   t o d a y  is t o  h e l p   u s   u n d e r s t a n d   t h e  
reactions of people t o  v a r i o u s  a i r c ra f t  noise   environments .   There w i l l  be f ive ses- 
s i o n s  of a i rcraf t  n o i s e ,   a l t o g e t h e r   l a s t i n g  about 2 7 hours .  A t  the   end  of each  
s e s s i o n ,  we would l i k e  you t o  make several d i f f e r e n t   j u d g m e n t s   o n   t h e   n o i s e s  you j u s t  
heard.  

1 

You w i l l  be given a s c o r i n g   s h e e t  for  each   sess ion   which   has   four  scales num- 
bered "0 t o  10," t he   end   po in t s  of which are labeled " N o t  Annoying A t  A l l "  and 
"Extremely  Annoying." An example   o f   these   scor ing   shee ts  is on t h e   f i n a l   p a g e  of 
t h i s   i n s t r u c t i o n  se t .  Your judgment i n  a l l  cases should be i n d i c a t e d  by c i r c l i n g   o n e  
of t h e  numbers  on t h e  scale. I f  you judge   t he   no i se  t o  be very  annoying  then you 
should c i rc le  a number closer t o  the  "Extremely Annoying"  end of t h e  scale. Simi- 
l a r l y ,   i f  you   j udge   t he   no i se  t o  be only   s l igh t ly   annoying   you   should  circle a number 
closer t o   t h e  " N o t  Annoying A t  A l l "  end of t h e  scale. 

F o r   t h e   f i r s t   q u e s t i o n  and scale, we would l i k e  t o  know how annoying you found 
the   no ise   o f   the   sess ion .   That  i s ,  your  judgment  should reflect  your   fee l ings   o f  
annoyance i n   o u r   l a b o r a t o r y   s i t u a t i o n .  

For   the   next   ques t ion   and   the  last  t h r e e  scales , we would l i k e  you t o  imagine 
how you  would feel abou t   t he   no i se  i f  you heard it i n  your home.  The f irst  o f   t hese  
l a s t  scales is for  your  judgment  of how annoying  the  noise   would be i f  you heard it 
during  the  day,   say  between 7 a.m. and 7 p.m. !l%e second scale is for  your  judgment 
of how annoying   the   no ise  would be in   the   evening ,   say   be tween 7 p.m. and 11 p.m. 
The t h i r d  scale i s  for  your  judgment of how annoy ing   t he   no i se  would be a t  n i g h t ,   s a y  
between 11  p.m. and 7 a.m. In  making  these l a s t  three  judgments ,  we would l i k e   f o r  
you t o   c o n s i d e r  a l l  your home ac t iv i t i e s  during  each of t h e  time per iods   and  how you 
would f e e l   a b o u t   l i v i n g   w i t h   t h e   n o i s e   d a y  a f t e r  day. 

Also on   each   s co r ing   shee t  are t w o  addi t iona l   ques t ions   concern ing   your   annoy-  
a n c e   t o   t h e   n o i s e s  you j u s t  heard.  On t h e s e   q u e s t i o n s  you are to  circle e i t h e r   t h e  
yes or no   r e sponse   i f  you were or would be highly  annoyed by t h e  noise .  That i s ,  
w h e t h e r y r   n o t  you would cons ider   do ing   someth ing   about   the   no ise ,   such  as moving o r  
complaining t o  a u t h o r i t i e s .  The f i r s t  of t h e s e   q u e s t i o n s  is f o r   y o u r   f e e l i n g s   i n   o u r  
l a b o r a t o r y   s i t u a t i o n .  The second is f o r   y o u r   f e e l i n g s   i f  you hea rd   t he   no i se   i n   your  
home d u r i n g   t h e  x, evening or n igh t   pe r iods .  

- 

There are no correct answers, we j u s t  want a measure of your own pe r sona l   r eac -  
t i o n  t o  t h e   n o i s e   i n   e a c h   s e s s i o n .  For t h i s   r e a s o n ,  we r e q u e s t   t h a t  you d o   n o t   t a l k  
d u r i n g   t h e  tests nor  express  any  emotion  which  might  influence the response  of   the 
o t h e r   p e o p l e   i n   t h e  room. During  each  of   the  sessions,  we would l i k e  you t o  r e l a x  
and read or do any  needlework you may have  brought  with  you. 

Thank  you for h e l p i n g   u s   w i t h   t h i s   i n v e s t i g a t i o n .  
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APPENDIX 

Scor ing   Shee t  

S u b j e c t  No. 

S e a t  

Code 

Group 

Sess ion  

Date 

1 .  How annoying w a s  t h e   n o i s e   i n   t h e   s e s s i o n ?  

Not  Annoying a t  All 0 1 2 3 4 5 6 7 8 9 10 Extremely  Annoying 

2. How annoying  would  the  noise be i n  your home? 

( a )  During  the - day 
N o t  Annoying A t  A l l  0 1 2 3 4 5 6 7 8 9 10 Extremely  Annoying 

(b) During  the  evening 
Not  Annoying A t  A l l  0 1 2 3 4 5 6 7 8 9 10 Extremely  Annoying 

(c) During   the   n ight  
Not  Annoying A t  A l l  0 1 2 3 4 5 6 7 8 9 10  Extremely  Annoying 

3. Were you highly  annoyed by t h e   n o i s e   i n  the s e s s i o n ?  

4. Would you be highly  annoyed by t h e   n o i s e   i n   y o u r  home? 

( a )  During  the - day 

Yes No 

(b)   Dur ing   the   evening  

Yes No 

( c )  Dur ing   the   n ight  

Y e  s No 
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TABLE I.- PRESENTATION ORDER OF  EXPERIMENTAL  CONDITIONS TO 
TEST  SUBJECT  GROUPS I N  FIRST EXPERIMENT 

S u b j e c t  
group 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 

.. ~ "~ _____ ~ -~ 

Order of expe r imen ta l   cond i t ions  

1 

H 
H 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 

2 

1 B  
2E 
4M 
4E 
1 M  
2B 
1B 
2E 
4M 
4E 
1 M  
2B 

" 

3 
.. 

2M 
4B 
1E 
2M 
4B 
1E  
2M 
4B 
1E 
2M 
4B 
1E  

-~ . 

4 
~~ 

L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 

_ _ _ _ ~  ~ 

.. ~ 

5 
- -~ 

4E 
1 M  
2B 
1 B  
2E 
4M 
4E 
1 M  
2B 
1 B  
2E 
4M 

I 

Note: 1 ,  2, and 4 i n d i c a t e  number of h igh-noise- leve l   f lyovers .  
B, M ,  and E i n d i c a t e   t h a t   h i q h - n o i s e - l e v e l   f l y o v e r s  
occurred  a t  beginning,  middle,  or end of t es t  s e s s i o n s ,  
r e s p e c t i v e l y .  
H and L i n d i c a t e  a l l  f l y o v e r s  a t  h igh  or l o w  n o i s e   l e v e l s ,  
r e s p e c t i v e l y .  These are r e f e r e n c e   c o n d i t i o n s .  

TABLE 11.- NOISE  LEVELS  OF SESSIONS  PRESENTED TO SUBJECTS I N  

Number of 
high-noise- level  

f lyovers  

0 
8 
1 
1 
1 
2 
2 
2 
4 
4 
4 

f l y o v e r s   i n   s e s s i o n  
~ ~~ ~ ~- .~ 

Throughout 
Beginning 

Middle 
End 

Beqinning 
Middle 

End 
Beginning 

Middle 
End 

LA1 dB 
~~ . - -~ 

67.2 
79.2 
79.2 
79.2 
79.2 
79.2 
79.2 
79.2 
79.2 
79.2 
79.2 

~ . " ~  ~~. 

FIRST EXPERIMENT 

Locat ion  of   Highest   f lyover  
h iqh -no i se - l eve l   no i se   l eve l  

~ 

~- 

Leq, d 

" 

50.8 
62.8 
55.4 
55.4 
55.4 
57.7 
57.7 
57.7 
60 .O 
60.0 
60 .O 

~- ~~ ~ 

'T 

1 
" 

NEF 

13.9 
26.3 
18.7 
18.7 
18.7 
20.9 
20.9 
20.9 
23.5 
23.5 
23.5 

NN I 

38.1 
50.5 
42.9 
42.9 
42.9 
45.2 
45.2 
45.2 
47.7 
47.7 
45.7 
. . .. 
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TABLE 111.- PRESENTATION ORDER OF  EXPERIMENTAL  CONDITIONS  TO 
TEST  SUJ3JECT GROUPS I N  SECOND  EXPERIMENT 

S u b j e c t  
group 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 - 

l- Order   of   experimental   condi t ions 
-. . . 

1 

H 
H 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 

2 

1A 
1 6B 
4c  
1 6C 
4A 
1B 
1 A  
1 6B 
4c 
1 6C 
4A 
1B 

3 

4B 
1 c  
1 6A 
4B 
1 c  
1 6A 
4B 
1 c  
1 6A 
4B 
1 c  
1 6A 

4 

L .  
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 

5 

1 6C 
4A 
1B 
1A 
1 6B 
4c 
1 6C 
4A 
1B 
1 A  
1 6B 
4c 

Note: 1 ,  4, and 16 i n d i c a t e  number of   f lyovers  i n  s e s s i o n .  
A,  B, and C i n d i c a t e   s e s s i o n   d u r a t i o n s  of 15,  30, and 
60 m i n u t e s ,   r e s p e c t i v e l y  . 
H and L i n d i c a t e  8 high-noise- level  or low-noise-level 
f l yove r s   i n   15 -minu te   s e s s ions ,   r e spec t ive ly .   These  are 
r e f e r e n c e   c o n d i t i o n s .  

TABLE IV.- NOISE LEVELS OF SESSIONS PRESENTED  TO  SUBJECTS I N  
SECOND  EXPERIMENT 

Number of 
f lyovers  

8 
8 
1 
4 

1 6  
1 
4 

16 
1 
4 

16 
~~ 

Sess ion  
d u r a t i o n ,  

m i  n 
- 

15 
15 
15 
1 5  
15 
30 
30 
30 
60 
60 
60 

Flyover  
rate, 

per hour 

32 
32 

4 
1 6  
64 

2 
8 

32 
1 
4 

16 

Highest  f lyover  
n o i s e   l e v e l  

LA, dB 

61.3 
79.3 
76.3 
76.3 
76.3 
76.3 
76.3 
76.3 
76.3 
76.3 
76.3 

Leq dB 

47.9 
65.9 
53.7 
59.6 
65.7 
50.7 
56.7 
62.8 

53.7 
47 .a 

59 .a 

NEF 

10.8 
29.4 
17.3 
23.3 
26.3 
14.3 
20.3 
26.3 
11.3 
17.3 
23.3 

NN I 

36.5 
55.1 
38.5 
47.5 
56.6 
34.0 
43.0 
52.0 
29.5 
38.5 
47.5 
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TABLE V.- SUMMARIES OF ANALYSES O F  VARIANCE FOR ANNOYANCE 
RESPONSES FROM FIRST EXPERIMENT 

Source  of   var ia t ion I Sum of 
squares  

Laboratory 

Subject   groups 

.010 4.662  24.706 2 49.41 1 Number of occurrences 

.140 1.982  10.506 2 21.01 1 Time of occurrence 

.001 4.334 22.968 10 229.683 Treatments 
0.002 2.821 14.951 11 164.460 

Error  1473.357 278 5.300 
T o t a l  1959.397  6.553 299 

Home p ro jec t ed   fo r   day  

Subject   groups 
Treatments 
Time of occurrence 
Number of occurrences  

Error  
To t a  1 

169.287 
189.170 

12.311 
28.31 1 

1674.430 
21 01.397 

Subject   groups 
Treatments 
Time of occurrence 
Number of occurrences 

278 
299 

Home p ro jec t ed   fo r   even ing  

Error  
To t a  1 

15.390 
18.917 

6.1 56 
14.156 

6.023 
7.028 

- 
Subject   groups 

21 2.923 Treatments 
147.657 

17.678 Number of occurrences 
19.210 Time of occurrence 

Error  1498.277 
T o t a l  1924.000 

11 
21.292 10 
13.423 

8.839 2 
9.606 2 

278 
6.435 299 
5.384 

Home p r o j e c t e d   f o r   n i g h t  

41.242 
16.319 

9.700 4.850 
15.100 7.550 

f 
2.555 
3.141 
1.022 
2.350 

2.491 
3.951 
1.783 
1.640 

0.004 
.001 
.361 
.097 

0.005 
.001 
.1 70 
.196 

-643 1 %! 5.472 0.001 
2.165 

1.002 
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TABLE VI.-  MEAN  ANNOYANCE  RESPONSES  FOR FIRST F3XPERIMENT 

Number of 
hiqh-noise-level 

f lyovers  

Location of 
h igh-noise- leve l  

f l y o v e r s   i n   s e s s i o n  

Labora tory  
r e sponse  

Throughout 
Beginning 

Middle 
End 

Beginning 
Midd'le 

End 
Beginning 

M i  dd l e  
End 

3.53 
5.72 
4.55 
3.05 
4.40 
5 .oo 
5.05 
3.90 
4.25 
4.65 
6.95 

Home-projected re sponse  

Day 

3.68 
5.83 
4.75 
3.25 
4.30 
4.55 
4.95 
4 .OO 
4.80 
4.60 
6.40 

Evening 

4.62 
6.90 
5.45 
4.30 
5.75 
5.75 
5.65 
4.80 
4.80 
5.65 
7.30 

Night  

5.07 
7.07 
4.95 
4.95 
6.05 
6.45 
5.30 
5.55 
5.45 
6.15 
6.45 
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TABLE VI1.- SUMMARIES OF ANALYSES OF  VARIANCE FOR  ANNOYANCE 
RESPONSES FROM SECOND  EXPERIMENT 

Source  of 
s i g n i f i c a n c e  freedom squares  v a r i a t i o n  

Level of Mean square Degrees of Sum of 

Laboratory 

Subject   qroups 

121.817 2 243.633 Number of   f lyovers  
25.01 7 2 50.033 Sess ion   dura t ion  
56.235 10  562.353 Treatments 
13.765 11 151.41 0 

Error  1644.607 278 5.916 
To t a l  2474.250 8.275 299 

Subject   groups 
Treatments 
Sess ion   dura t ion  
Number of   f lyovers  

Er ror  

Home p ro jec t ed   fo r   day  

240.830 

105.622 2 21 1.244 
17.872 2 35.744 
49.662 10  496.623 
21.894 11 

1896.337 6.821 278 
Tota 1 I 2728.587 I 299 1 9.1 26 I 

2.327 
9.506 
4.229 

20.591 

3.210 
7.280 
2.620 

15.484 

Home p ro jec t ed   fo r   even ing  

, 
0.01 0 

.001 

.016 

.001 

0.001 
.001 
.075 
.oo 1 

Subject   groups 
Treatments 
Sess ion   dura t ion  
Number of f l y o v e r s  

Error  
To t a  1 

21 8.237 
615.910 

37.878 
279.244 

1928.730 
2844.947 

278 
299 

19.840 
61.591 
18.939 

139.622 

6.938 
9.515 

2.860 
8.877 
2.730 

20.124 

0.001 
.001 
.067 
.001 

I Home p r o j e c t e d   f o r   n i g h t  

Subject   groups 

Number of f lyovers  
33.91  1 Sess ion   dura t ion  

740.1 10 Treatments 
250.41 7 

393.01 1 

11 
10 
2 
2 

-~ ~ ~~ ~~ 

E r  r o r  
299  31  72.320 To t a  1 
278 2037.250 

Subject   groups 

.001 26.81 6 196.506 2 393.01 1 Number of f lyovers  

.101 2.314 16.956 2  33.91  1 Sess ion   dura t ion  
.001 10.099 74.01  1 10 740.1 10 Treatments 

0.001 3.106 22.765 11 250.41 7 

E r  r o r  2037.250 278  7.328 
To t a  1 31  72.320  10.610  299 

22.765 
74.01  1 
16.956 

196.506 

3.106 
10.099 

2.314 
26.81 6 

0.001 
.001 
.101 
.001 

7.328 
10.610 
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TABLE V I I 1 . -  MEAN ANNOYANCE RESPONSES  FOR  SECOND  EXPERIMENT 

I I 
Number of 

level LA, dB f l y o v e r s  
Flyover  noise  

8 
8 
1 
4 
16 
1 
4 
16 
1 
4 
16 

61.3. 
79.3 
76.3 
76.3 
76.3 
76.3 
76.3 
76.3 
76.3 
76.3 
76.3 

I 

S e s s i o n  Laboratory 
d u r a t i o n ,  min response  

15 

15 
5.93 15 
3.22 

4 .OO 60 
3.65 60 
2.25 60 
6.70 30 
3 .05 30 
3.1 0 30 
5.25 15 
6.1 5 15 
2.15 

Home-projected  response 

Day 

4.07  3.47  3.08 

Night  Eveninq 

5.77  6.37  7.07 
2.05  2.20 

4.95  4.40  3.75 
5.1 5 4.20  3.85 
2.80  2.25 2.25 
7.35 6.50 6.1 5 
3.80 3.30 2.90 
3.95  3.45 3.1 5 
7.30 6.10 5.45 
6.60 5.80  5.50 
2.10 

TABLE 1X.- ANNOYANCE RESPONSES  CORRECTED  FOR  SUBJECT-GROUP 
DIFFERENCES FOR FIRST EXPERIMENT 

Number of 
h igh-noise- leve l  h igh-noise- leve l  

Location of 
Laboratory 

f   lyove rs response f l y o v e r s   i n   s e s s i o n  

0 3.53 
8 

6.18 End 4 
4.83 Middle 4 
4.85 Beginning 4 
4.50 End 2 
4.28 Middle 2 
5.1 8 Beginning 2 
4.58 End 1 
3.65 Middle 1 
3.78 Beginning 1 
5.72 Throughout 

Home-projected  response I 
Day 

3.68 
5.83 
4.06 
3.67 
4.58 
4.83 
4.26 
4.41 
4.61 
4.88 
5.71 

Evening 

4.62 
6.90 
4.96 
4.73 
5.81 
5.81 
5.16 
5.23 
5.23 
5.71 
6.71 

Night  

5.07 
7.07 
5.07 
5.09 
5.79 
6.19 
5.42 
5.69 
5 059 
5.89 
6.57 

21 



TABLE X.- ANNOYANCE RESPONSES  CORRECTED  FOR  SUBJECT-GROUP 
DIFFERENCES  FOR  SECOND  EXPERIMENT 

N u m b e r  of 
flyovers 

8 
8 
1 
4 

16 
1 
4 

16 
1 
4 

16 

Flyover n o i s e  
dura t ion ,  min level  LA, d B  

Session 

6 

61.3 

60  76.3 
60 76.3 
60 76.3 
30 76.3 
30 76.3 
30 76.3 
15 76.3 
15 76.3 
15 76.3 
15 79.3 
15 

I 
Laboratory 
response 

3.22 
5.93 
3.15 
5.20 
5.20 
3.05 
4.05 
5.75 
1 .30 
3.60 
5 .OO 

H o m e - p r o j e c t e d  response 

D a y  

4 -07 3.47 3.08 

N i g h t  Evening  

5.77 6.37 7.07 
3.23 3.24 

6.02 5.44 4.93 
4.69 . 3.82 3.48 
2.19 1.59 1.45 
6.74 5.84 5.35 
4.87  4.34 4.08 
3.49 3.07 2.78 
6.84 5.72 5.08 
5.99 5.14 4.70 
3.17 

TABLE XI.- SUMMARY OF  RESULTS FROM REGRESSION  ANALYSES  OF  ADJUSTED LABORATORY 
RESPONSES  FOR  NOISE  EXPOSURE  DESCRIBED BY  THRJ3E NOISE  METRICS 

N o i s e  
coeff ic ient  of slope Slope o f  in te rcept  Intercept : metric 
C o r r e l a t i o n  Standard error Standard error 

First experiment 

-7.42 kl3 2.90 

.819 .047 .202 2.13 -4.44 NNI 

.812 .049 .202 1.02 -42 
0.81 1  0.050 0.210 

Second experiment  

-7.19 

,949 .017 .151 .74  -2.44 NNI 
.933 .027 .210 .56 -.07 

0.923 0.028 0.200 1.58 k53 
C o m b i n e d  experiments 

-7.29 k3 1.36 

.908 .016 .160 .74 -2.70 NNI  

.896 .023 .214 .49 .06 
0.887 0.024 0.204 
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Figure 1 .- Photograph of test  f a c i l i t y .  
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6 -  

5 -  
Annoyance 

response 

4 -  

3 -  
I I I 1 I I 

Beginning  Middle  End 1 2 4 

Time of occurrence Number of high-noise- 

level  flyovers 

Figure  2.- E f f e c t s  of time of occurrence  and number of hiqh-noise- 
l e v e l   f l y o v e r s  on laboratory  annoyance  response.  
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Figure 3.- E f f e c t s  of se s s ion   du ra t ion   and  number o f   f l yove r s   on  
laboratory  annoyance  response.  
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Figure 4.- Comparison  of   annoyance  (adjusted  for   subject-group  differences)  
wi th   no ise   exposure   in  Le f o r   h i g h - n o i s e - l e v e l   f l y o v e r s   o c c u r r i n g  a t  
d i f f e r e n t  times w i t h i n  tes? s e s s i o n s .   F i r s t   e x p e r i m e n t .  
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Fiqure 5.-  Comparison of 
with  exposure  in =eq 

annoyance (adjusted for subject   group  differences)  
for d i f f e r e n t  session durations.  Second experiment. 
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Figure  6.- R e l a t i o n s h i p  of unad jus t ed   annoyance   r e sponse   t o   exposure   i n  
L S o l i d  symbols i n d i c a t e   r e f e r e n c e   c o n d i t i o n s .  eq 
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Figure 7 . -  R e l a t i o n s h i p  of adjusted  annoyance  response to  exposure i n  Leq* 
S o l i d  symbols i n d i c a t e   r e f e r e n c e   c o n d i t i o n s .  
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Percentage 
highly 
annoyed 

95 - 
90- 

80- 

7c - 
60- 
50 - 
40- 
30 - 
20- 

10 - 

5- 

Time  Period 

0 "--Day 
0 "- Evening 

I 

65 70 75 a0 a5 90 

Estimated  outdoor L dB 
eq' 
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